BENZOTHIADIAZINE (" thiazide ") derivatives unquestionably are effective hypotensive agents, but the mechanism by which they reduce blood pressure has not been elucidated. Theories advanced to explain their hypotensive action include reduction of the volume of plasma and extracellular fluids, depletion of body sodium, other more obscure effects of diuresis, and a depressor effect unrelated to their known diuretic action.
This study was undertaken in an effort to acquire more information regarding possible mechanisms by which thiazide diuretics reduce the blood pressure of hypertensive patients.
Methods and Materials A group of 28 hypertensive patients was included in this study; 19 were men, and the ages of the patients ranged from 36 to 75 years. All had sustained diastolic hypertension of mild to moderate severity. Only two had the retinal findings of group 3 hypertension;' the remainder had retinal arteriolar changes of group 2. None had congestive cardiac failure or detectable edema from any cause at the time the studies were made. Blood urea measured less than 50 mg. per 100 ml. before therapy with thiazide agents was started in all patients. No restriction of dietary sodium was imposed on any of the patients during these studies, and none received supplementary potassium.
The patients were chosen for this investigation on the basis of (1) their availability for repeated laboratory determinations during treatment, (2) adequate records of blood pressure before and during therapy, and (3) their expressed willingness to cooperate in this study. Twenty-one patients were residents of Rochester, Minnesota, or the immediate vicinity; of the remainder, three took their own blood pressure at home. Two patients had undergone previous sympathectomy.
From the Mayo Clinic and the Mayo Foundation, Rochester, Minnesota.
Read at the Scientific Sessions of the American Heart Association, St. Louis, Missouri, October 22, 1960. The thiazide diuretics and the doses used in this investigation are listed in table 1 One or more of the following laboratory determinations were done at least once before treatment and on one or more occasions during therapy with one of the thiazide diuretics: The total plasma volume was determined by injecting intravenously 18 ml. of a sterile 1.5 per cent solution of Congo red and determining the amount of dye in the plasma 5 minutes later.* Exchangeable sodium (Nae) in the body was calculated from the specific activity of radiosodium (Na24) in the serum as measured in a standard sodium iodide (thallium-activated) well-type scintillation counter 24 hours after the injection of a known quantity of this isotope. In four instances, the exchangeable potassium (Ke) in the body was calculated from the specific activity of radiopotassium (K42) in urine as measured in a beta-sensitive, plastic, well-type scintillation counter 24 hours after the injection of a known quantity of this isotope. In one patient (case 10), Ke was calculated from the specific activity of K42 in the serum as measured in a standard scintillation counter. It is our opinion that determinations of Ke are more accurate when calculated from the specific activity of urine, but this method was not being used when the studies were made in case 10. -The K42 and Na24 tracers were administered on consecutive days. A correlation was apparent between the reduction in plasma volume and the reduction in mean blood pressure during the first week of diuretic therapy, but this was less evident in subsequent weeks ( fig. 2 ).
Electrolytes
Determinations of the 24-hour Nae and Ke, as well as serum levels and quantities of these electrolytes in 24-hour samples of urine, were made 11 times on five hypertensive patients during treatment with one of the thiazide diuretics, and the results were compared with the pretreatment values for each patient (table 3) .
Sodium
No significant change from the control values was noted in the serum sodium or the 24-hour Nae during the first 2 weeks of treatment or in subsequent weeks ( fig. 3 ). However, urinary sodium was consistently and significantly greater during use of the diuretic agents, and this increase was evident throughout the periods of observation, which ranged from 2 The results of our study also indicate that this change is short-lived, because the initial reduction in plasma volume observed in our patients was less pronounced after the first week of therapy with a diuretic agent. The previous investigators reported longer intervals, probably because they did not repeat estimations of the plasma volume often enough during treatment to determine accurately the duration of this hypovolemic effect of thiazide agents. Our study apparently showed a corCirculation. Volume XXIV, November 1961 relation between reduced plasma volumes and a reduction in blood pressure during the first week of therapy with a thiazide drug; thereafter, however, the blood pressure remained at lower levels despite the fact that the plasma volume tended to return to or toward pretreatment levels. Therefore, a decrease in plasma volume cannot explain the prolonged hypotensive action of these agents. The observation that the initial loss of body weight observed in four of five patients (table 3) persisted even though the plasma volume was reduced only temporarily is in accord with that of Lauwers and Conway,10 who found that both body weight and total body water were decreased persistently and significantly by the administration of chlorothiazide and who postulated that this must result from intracellular dehydration. ured by the isotope-dilution technic, either early or late in the course of treatment. Our findings, as well as those of others10-13 who have not found any consistent change in body stores of sodium, indicate that chronic depletion of body sodium does not oecur and is, therefore, not a satisfactory explanation for the hypotensive effect of thiazide diuretics.
As already noted, a reduction in the 24-hour K0 took place in four of five patients during the first 2 weeks of therapy with a thiazide diuretic, but the values thereafter reverted to or toward pretreatment levels.
An interesting observation incidental to the determination of Nae and Ke was the consistently increased quantity of sodium and potassium in 24-hour specimens of urine obtained at intervals throughout the period of treatment with diuretics. The fact that this occurred without measurable depletion of the body stores of these electrolytes suggests that (1) the patients increased their intake of sodium and potassium, or (2) there was increased absorption or decreased excretion of these electrolytes from the gastrointestinal tract, or (3) both events occurred. It is extremely doubtful that if all the sodium and potassium normally excreted in the intestinal tract were diverted to the urine it could account for the rather large increases in urinary excretion observed in this study. On the other hand, if these patients did increase their consumption of these electrolytes, it was done subconsciously, for that actual measurementlts of urinary aldosterone have been made in a series of nonedematous hypertensive patients who were receiving thiazide diuretics. Our study demonstrated no increase in the excretion of aldosterone in eight of nine patients who were receiving(r these agents; a temporary increase occurred in one case. The excretioiu of aldosterone remained normal in these patients despite the fact that hypovolemia and a reduction in serum sodium, stimuli that have been shown to increase the adrenal secretion of this hormone,'6-19 were present in some. Our original purpose in undertaking this investigation was to elucidate, if possible, the mechanism by which thiazide diuretics act in reducing blood pressure. Our evidence indicates that the chronic hypotensive action of these drugs does not result from reduction in plasma volume or from depletion of body stores of sodium, yet we have not satisfactorily explained their hypotensive action. One might be tempted to speculate that this effect is independent of their diuretic properties, but the facts that all potent diuretics are also hypotensive agents and that the magnitude of their hypotensive action bears a direct relationship to their diuretic potency make plausible the theory that the hypotensive effect of diuretics must be related intimately in some way to their diuretic activity. In the light of present knowledge, one could postulate that the hypotensive action of diuretic agents results from enhanced excretion of some unidentified pressor substance or trace metal21 or from an internal redistribution of water and sodium within the organism without detectable net losses of the latter. Perhaps the ratio of extracellular sodium to intracellular sodium22 is changed in a beneficial way, or perhaps the arterial wall is depleted of the excessive stores of sodium and water that Tobian and Binion23 have demonstrated in hypertensive humans and animals.
Summary
A study has been made at the Mayo Clinic of the results of treatment in 28 hypertensive patients receiving thiazide diuretics. The use of these agents produced a significant but very temporary reduction in plasma volume in most patients. The plasma volume reverted to or toward normal after the first week of treatment; therefore, hypovolemia could not explain the prolonged hypotensive effect of these drugs. Administration of thiazide diuretics did not deplete the body of its sodium stores, as measured by isotope studies in five patients on an unrestricted diet. Therapy with thiazides did not produce a persistent increase in urinary aldosterone excretion in the nine patients studied for this possibility. ... the hypertrophy is recognized as a provision of nature to make the power of the part equal to the obstacle it has to overcome; and yet this simple principle seems to have been entirely overlooked in diseases of the heart, as if this organ possessed muscular fibres of a different nature from other organs, or as if, in adapting itself to obstacles affecting its action, it follows laws different from other muscular parts. The consequency of the neglect of this principle has been, that too often, in treatment of a valvular alteration in the heart, there has been a constant struggle between nature and medicine. Nature has been making the organ equal to its task; while medicine has been directed to counteract nature's efforts, and, by weakening the organ, to render it totally incapable of its task. The repeated bleedings, the starvings, the enforcement of debilitating measures, are totally unsuited to the disease we are considering.
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